pyrene, from which chemiluminescence is observed. This specific microsomal chemiluminescence has been used to establish that the rate-limiting reaction in the metabolism of benzo [a]pyrene to the bay region diol epoxide is the production of the 7,8-diol. The microsomemediated chemiluminescence of the parent benzo[alpyrene is
therefore an indicator of the activity of the specific sequence of metabolic reactions leading to the ultimate carcinogenic metabolite.
The detoxication reactions of the carcinogenic polycycic aromatic hydrocarbon benzo [a] pyrene (BP) have been studied extensively in order to explain the fortuitous production of highly reactive electrophilic metabolites that are mutagenic and carcinogenic. There appear to be common structural features of carcinogenic polycyclic aromatic hydrocarbons such that a specific sequence of metabolism results in bay region diol epoxides that are mutagenic (1-6), bind to nucleic acids (7) (8) (9) (10) (11) (12) (13) (14) , produce transformation in cell culture (15, 16) , and are carcinogenic in vivo (17) (18) (19) (20) (21) (22) (23) . On the basis of these structural features we have predicted and observed a specific chemiluminescence (CL) concomitant with the microsomal metabolism of BP and other carcinogenic polycyclic aromatic hydrocarbons by induced rat liver microsomal extracts (24) (25) (26) . We have reported that the CL observed is the result of an intermolecular electron exchange decomposition of the dioxetane of 7,8-diol-BP, produced during the further metabolism of 7,8-diol-BP to the carcinogenic epoxide of 7,8-diol-BP (27) . We now report the microsomal CL quantum yields of BP and 17 BP derivatives, and the comparison between induced and noninduced rat liver microsomal systems of the temporal kinetics and concentration kinetics of the production of metabolites and their CL intensities. It is proposed that 7,8-diol-BP is a metabolic intermediate that is formed in rate-limiting steps and that is further metabolized into both its carcinogenic 9, 10-epoxide and its chemiluminescent 9, 10-dioxetane. Therefore, it is proposed that the microsomal CL of BP can be used as a sensitive indicator for the carcinogenic 9, 10-epoxide and ultimately as a sensitive mea--sure of the extent of this specific carcinogenic pathway, even in the presence of the much more common metabolic pathways leading to noncarcinogenic metabolites. (30) . The hydrocarbons were purified by high-performance liquid chromatography (HPLC) and concentrations were determined by ultravioletabsorption.
MATERIALS AND METHODS

NADPH
Liver microsomes were prepared from control and 3-methylcholanthrene-induced Long-Evans rats (25) . Protein concentrations were determined by a modified Lowry procedure with bovine serum albumin as the standard (31).
3-OH-BP production was assayed by fluorescence of alkalisoluble products (32) and by HPLC.
For the HPLC quantitation of 3-OH-BP, 7,8-diol-BP, and 7,8,9, 10-tetrol-BP metabolites, the reaction mixture composition and sample preparation were the same as those of Selkirk et al. (33) . The metabolites were separated by HPLC on a 4.2 mm X 25 cm ODS-2 column (Whatman), eluted with a 60-95% gradient of methanol in water at a flow rate of 1 ml min-. Quantitation was by peak height.
The rate of 7,8-diol-BP metabolism was measured by following the decrease in fluorescence intensity at 407 mm (367-nm excitation).
CL intensities were measured in a light-collecting geometry similar to that used for liquid scintillation counting by single photon counting techniques. The absolute photon efficiency was determined with the luminol chemiluminescent reaction (34) . For the microsome-mediated CL the reaction mix contained Tris-HCl, pH 7.6 (50 mM), MgCl2 (3 mM), microsomes, hydrocarbon (in 150 ,ul of methanol), and NADPH (0.5 mM) in a final volume of 3 ml. The reactants were incubated at 37°C for 10 min before the reaction was initiated with NADPH.
RESULTS AND DISCUSSION
The chemiluminescence quantum yields (4CL) for the microsome-mediated CL of BP and 17 derivatives of BP were determined at low substrate concentrations such that the total light was approximately proportional to substrate concentration. The The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. (24) . For induced and noninduced microsomal extracts the maximum CL intensities and the rates of metabolite production gave the ratios: [2] [3] OkCL(7,8-diol-9, 10-dihydro-BP) OCL(7,8-diol-BP) = 0.1. [4] The 4CL of the 9,10-diol-BP fits the category of low-yield hydrocarbons described in Table 1 . The 4ICL values of 9, 10-dihydro-BP and 7,8-diol-9, 10-dihydro-BP, while significantly less [CL (7,8- 
[CL (7,8- (26, 27 The relative mutagenic activity of these metabolites, microsome-activated in the Salmonella typhimurium test system, are shown in the last column of Table 1 . We assume that the 4CL measured is due primarily to the production of a diol at the 7, 8 bond as the result of metabolism of the substrates listed in Table  1 . Because the continued metabolism of the 7,8-diol precursor will result in the predominant formation of the diol epoxide as well as a small fraction of dioxetanes, the lCL should be correlated with mutagenicity of the substrates. It is not proposed that the observed CL represents a significant production of a new species of alkylating metabolite. The CL appears to be a sensitive optical technique for measuring the metabolism of the distal bay region diol of BP to the bay region diol epoxide.
The lack of reported mutagenicity of 4-OH-BP appears to be an exception to the proposed correlation. The 9-OH-BP cannot be metabolized to the diol epoxide; its alkylation to DNA is at the K-region bond (40 
